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CORRELATION OF MAP UNITS

IGNEOUS AND META-IGNEOUS ROCKS
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MAP A. GEOLOGIC MAP OF THE CENTRAL BLACK HILLS
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9. Noble and Harder (1948)
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11. Krahulec (1981); Bayley, 1970
12. Lisenbee (1991f)*
13. Lisenbee (1991g)*
14. J.A. Redden, photogeology and field checking, 1980-84
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20. J.A. Redden, unpub. mapping, 1979-81
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23. McGregor and Cattermole (1973)
24. Kuhl (1982)
25. McMillan (1977)
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27. dJ.dJ. Norton, unpub. mapping, 1947-85
28. Daly (1981)
29. Fricke (1982)
30. Marin (1983)
31. Cattermole (1969)
32. Cattermole (1972)
33. Ratté (1986)
34. Ratté and Wayland (1969)
35. Rahn (1987)
36. Redden (1968)
37. J.A. Redden, unpub. mapping, 1972-75
38. Christiansen (1984)
39. Redden (1963)
40. J.A. Redden, unpub. mapping, 1985-92
41. Tim Lincoln, unpub. mapping, 1990-94
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44. C.G. Bowles, unpub. mapping, 1956(?)
45. J.C. Harksen, unpub. mapping, 1968-69
46. Rawlins (1978)
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MAP LOCATION

EXPLANATION OF MAP SYMBOLS

Contact—Dashed and queried where indeterminate

R

Fault—Dashed where approximately located or inferred; dotted where concealed
by younger units. Bar and ball on downthrown side; arrows indicate relative
lateral displacement

=

Probable thrust fault—Dashed where approximately located; dotted where
concealed. Sawteeth on upthrown side

PHANEROZOIC STRUCTURAL FEATURES
[Only representative structures shown; see map B]

Anticline—Showing trace of axial surface and direction of plunge. Dashed where
approximately located; dotted where concealed

Syncline—Showing trace of axial surface and direction of plunge. Dashed where
approximately located; dotted where concealed

Monocline

Upper flexure—Dotted where concealed. Short arrow indicates steep limb
Lower flexure—Dotted where concealed. Short arrow indicates steep limb

Dome—Size of symbol arbitrary for most domes. Asymmetry indicated by length
of arrow for the Lead dome (51) and the Brownsville dome (56). Dashed
where approximately located; dotted where concealed

PROTEROZOIC STRUCTURAL FEATURES
[Only larger structures shown; see map C]

T 1

Folds of uncertain age—Probably between F, and F4 in age; shown
predominantly east of Custer

Generalized trace of axial surface of fold where stratigraphic younging
unknown—Dotted where concealed; queried where indeterminate. Based on
photogeology and reconnaisance mapping in unit Kgs east of Custer

Overturned anticline—Showing generalized trace of axial surface and direction
of dip of limbs. Dotted where concealed; queried where indeterminate

Inverted anticline—Showing generalized trace of axial surface and direction of
dip of limbs. Queried where indeterminate

Overturned syncline—Showing generalized trace of axial surface and direction
of dip of limbs. Queried where indeterminate

Minor fold of F5 age—Showing trend and plunge. Restricted to area west of
Rochford

F4 folds

Elongate dome related to emplacement of Harney Peak Granite—Dotted
where concealed

Minor fold—Showing trend and plunge. Folds associated with emplacement of
Harney Peak Granite

—>11 Plunging
<> Horizontal
Minor antiform or synform of F3 age—Showing generalized trace of axial
surface. Dotted where concealed
F, folds
—s Major antiform—Showing generalized trace of axial surface. Dotted where
concealed; queried where indeterminate
_— Major synform—Showing generalized trace of axial surface. Dotted where

concealed

Minor antiform or synform—Showing generalized trace of axial surface.
Dotted where concealed. May be anticlinal, synclinal, or both, depending on
stratigraphic sequence in F; fold. Shown only in limited areas to indicate
deformational pattern

Overturned anticline—Showing generalized trace of axial surface and direction
of dip of limbs. Dotted where concealed

Syncline—Showing generalized trace of axial surface. Dotted where concealed

MAPS SHOWING GEOLOGY, STRUCTURE, AND GEOPHYSICS OF THE CENTRAL BLACK HILLS, SOUTH DAKOTA

1South Dakota School of Mines and Technology
2U.S. Geological Survey
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4Deceased

5Max Planck Institute for Chemistry, Mainz, Germany
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FTHET M

Overturned syncline—Showing generalized trace of axial surface and direction
of dip of limbs. Dotted where concealed

Minor fold of probable Fy age—Showing trend and plunge
Plunging
Horizontal

F; folds

Anticline—Showing generalized trace of axial surface. Dotted where
concealed; queried where indeterminate

Overturned anticline—Showing generalized trace of axial surface and direction
of dip of limbs. Dotted where concealed; queried where indeterminate

Inverted anticline—Showing generalized trace of axial surface and direction of
dip of limbs

Syncline—Showing generalized trace of axial surface. Dotted where
concealed; queried where indeterminate

Overturned syncline—Showing generalized trace of axial surface and direction
of dip of limbs. Dotted where concealed; queried where indeterminate

PHANEROZOIC AND PROTEROZOIC PLANAR STRUCTURES

Strike and dip of beds—Attitudes in Phanerozoic areas are generally calculated
from dip slopes or subsurface data. Beds in Proterozoic rocks may be
overturned. Attitudes in unit Xh are for inclusions too small to be shown on
map. May be shown combined with foliation where parallel

Inclined
Vertical

Strike and dip of Sy foliation

Inclined
Vertical

Strike and dip of S4 foliation—May be shown combined with bedding where

parallel
0 Inclined
Strike and dip of Sy, foliation—May be shown combined with bedding where
parallel
10 Inclined
—— Vertical
Strike and dip of bedding where top of bed undetermined—Bedding symbols
in Harney Peak Granite are on inclusions too small to be shown
& Inclined
—H= Vertical
OTHER FEATURES
- _ - Form line—Shown only in cross sections (in black) and on map B (in red)
B Metamorphic isograd—First appearance of index mineral noted on side of
-G isograd. B, biotite; G, garnet; K, kyanite; S, sillimanite; SS, second
sillimanite; St, staurolite. Dotted through outcrops of Harney Peak Granite
and where covered by surficial deposits
——--—— Line indicating outer limit of small pegmatite bodies related to Harney Peak
Granite
A Top of bed—Indicated by sedimentary structure
° Collapse breccia pipe
Mine dump or tailings area
* Teepee butte in Cretaceous shale

<

Minor dome—Related to possible conversion of anhydrite to gypsum in
underlying rocks. Size of symbol arbitrary
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SEDIMENTARY AND METASEDIMENTARY ROCKS
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DESCRIPTION OF MAP UNITS
PHANEROZOIC UNITS

Alluvial deposits (Holocene and Pleistocene)—Stream-laid
deposits of mud, silt, sand, and gravel. Narrow deposits not
shown. Maximum thickness 10 m

Windblown sand or loess deposit (Holocene and Pleistocene)—
Forms small dunes and covers flat surfaces. Restricted to
southeast corner of map area. Thickness in individual areas is
as much as 10 m

Landslide deposits (Holocene and Pleistocene)—Small deposits
typically along escarpments of Pierre Shale. Localized, very
small slumps in Jurassic rocks not shown

Colluvium or talus (Holocene and Pleistocene)—Angular blocks
and debris masking bedrock. Many small deposits not shown.
Thickness as much as 10 m

Terrace gravel and alluvial-fan deposits (Pleistocene)—Gravel,
sand, silt, and soil. Maximum thickness about 30 m. Some
higher elevation terrace deposits could be of Pliocene age

White River Group (Oligocene and Upper Eocene)—Silty
claystone and poorly indurated sandstone, arkose, and
conglomerate. Gravel at higher elevations. Thickness as much
as 120 m

Phonolitic intrusive rocks (Eocene to Paleocene)—Greenish
gray, phaneritic. Typically, fresh exposures contrast with
weathered intermediate-composition rocks. Forms laccolithic
bodies, sills, and dikes

Tertiary intrusion breccia (Eocene to Paleocene)—Fragments of
igneous rock, wallrock, and overlying or underlying rocks in
dikes or small pipes

Breccia and layered tuffaceous unit (Eocene to Paleocene)—
Foundered coherent blocks of sedimentary rocks in diatremes
and pipes

Alkali rhyolitic intrusive rocks (Eocene to Paleocene)—Tan to
gray, containing phenocrysts of alkali feldspar and quartz.
Forms sills

Rhyolitic intrusive rocks (Eocene to Paleocene)—Tan to ivory,
containing sparse phenocrysts of quartz, feldspar, and biotite.
Forms dikes, sills, and laccolithic bodies, including probable
feeder pipes

1 Quartz trachytic intrusive rocks (Eocene to Paleocene)—Tan to

gray and porphyritic or phaneritic. Locally sanidine-bearing.
Forms laccolithic bodies and sills
Trachytic intrusive rocks (Eocene to Paleocene)—Gray to brown,
weathered, commonly aegerine-bearing. Forms sills and
laccolithic bodies
Quartz latitic intrusive rocks (Eocene to Paleocene)—Gray to
brown, commonly hornblende-bearing, and phaneritic. Forms
laccolithic bodies, sills, dikes, and small stocks
Dacitic intrusive rocks (Eocene to Paleocene)—Typically shades
of gray and commonly hornblende-bearing and phaneritic.
Forms laccolithic bodies and sills
Lati-andesite intrusive rocks (Eocene to Paleocene)—Resembles
latitic rocks. Forms laccolithic bodies and sills
Tertiary intrusive rocks, undivided (Eocene to Paleocene)—
Aphanitic to phaneritic. Includes trachyandesite and other
compositions
Pierre Shale (Upper Cretaceous)—Dark-gray to black shale
containing concretions and bentonite beds. Maximum
thickness about 500 m within map area. Teepee buttes
underlain by fossiliferous limestone formed by methane-rich
spring deposits
Niobrara Formation (Upper Cretaceous)—Gray to yellowish-tan,
thin-bedded limestone and calcareous shale. Contains
bentonite beds. Thickness 60-100 m
Carlile Shale (Upper Cretaceous)—Gray shale and a few tan
siltstone and resistant sandstone beds. Thickness 100-200 m
Greenhorn Limestone (Upper Cretaceous)—Light-gray to tan,
thin-bedded limestone and calcareous shale. Bentonite beds.
Thickness 70-120 m
Belle Fourche Shale (Upper Cretaceous)—Gray to black
bentonitic shale containing small concretions and thin
bentonite beds. Thickness 70-200 m
Mowry Shale (Lower Cretaceous)—Dark-gray shale, locally
somewhat siliceous. Contains minor thin bentonite beds.
Thickness 40-70 m
Newcastle Sandstone (Lower Cretaceous)—Tan to white
sandstone and minor siltstone. Locally abundant carbonaceous
fragments. Shown in combination with Mowry Shale in cross
sections. Thickness 0-20 m
Skull Creek Shale (Lower Cretaceous)—Dark-gray to black shale.
Thickness 55-80 m. Underlies minor valleys where Newcastle
Sandstone is present
Mowry Shale (Lower Cretaceous), Newcastle Sandstone (Lower
Cretaceous), and Skull Creek Shale (Lower Cretaceous),
undivided—Shown combined in Bear Butte area
Fall River Formation (Lower Cretaceous)—Sandstone
interbedded with gray to dark-gray shale near top. Thickness
35-70 m
Lakota Formation (Lower Cretaceous)—Sandstone, mudstone,
and shale. Upper part is hard siltstone. Thickness 85-150 m
Fall River and Lakota Formations (Lower Cretaceous),
undivided—Shown combined in Bear Butte area
Morrison Formation and Unkpapa Sandstone, undivided
(Upper dJurassic)
Morrison Formation—Shale and sandstone; minor limestone.
Thickness as much as 50 m
Unkpapa Sandstone—Fine-grained eolian sandstone. Lenses
out to the west. Thickness as much as 85 m
Sundance (Upper and Middle Jurassic) and Gypsum Spring
Formations (Middle Jurassic), undivided
Sundance Formation—Interbedded shale, siltstone, and
sandstone. Thickness 70-160 m
Gypsum Spring Formation—Gypsum and shale. Thickness as
much as 25 m
Morrison Formation and Unkpapa Sandstone (Upper Jurassic)
and Sundance (Upper and Middle Jurassic) and Gypsum
Spring Formations (Middle Jurassic), undivided—Shown
combined in Bear Butte area
Spearfish Formation (Triassic and Upper Permian)—Red shale and
siltstone; minor limestone and gypsum. Thickness 70-275 m
Minnekahta Limestone (Lower Permian)—Pinkish-gray, thin-
bedded limestone. Thickness 10-18 m
Opeche Shale (Lower Permian)—Maroon shale and siltstone.
Thickness 20-40 m
Spearfish Formation (Triassic and Upper Permian), Minnekahta
Limestone (Lower Permian), and Opeche Shale (Lower
Permian), undivided—Shown combined in Bear Butte area
Minnekahta Limestone and Opeche Shale (Lower Permian),
undivided
Minnelusa Formation (Lower Permian and Pennsylvanian),
undivided—Sandstone, limestone, and minor shale. Thickness
120 to about 350 m
Pahasapa Limestone (Lower Mississippian)—Mainly thick-bedded
dolomitic limestone. Reef-like, bluish limestone in uppermost
part. Includes Englewood Limestone (unit MDe) in areas of
steep terrain. Thickness 80-210 m
Englewood Limestone (Lower Mississippian and Upper
Devonian)—Lavender, impure limestone. Shown in
combination with Pahasapa Limestone in areas of steep
terrain. Thickness 10-20 m
Pahasapa Limestone (Lower Mississippian) and Englewood
Limestone (Lower Mississippian and Upper Devonian),
undivided—Shown only in cross sections
Whitewood Dolomite (Upper Ordovician) and Winnipeg
Formation (Middle Ordovician), undivided
Whitewood Dolomite—Gray to tan, massive dolomite.
Thickness 0-45 m
Winnipeg Formation—Green shale and siltstone. Thickness
0-35m
Deadwood Formation (Lower Ordovician and Upper
Cambrian)—Glauconitic sandstone, shale, siltstone, and
conglomerate. Thickness 0-200 m

PRECAMBRIAN UNITS

Harney Peak Granite (Early Proterozoic)—Layered granite,
pegmatitic granite, and pegmatite. Leucocratic, peraluminous,
plagioclase-microcline-quartz-muscovite S-type granite.
Tourmaline and biotite common, but biotite mainly in inner
part of central mass. Central mass consists of hundreds of
intrusions. More than 24,000 separate bodies of pegmatite
and granite are known between the central mass and the line
defining the outer limit of pegmatite and granite bodies (map
A). Several hundred zoned pegmatites in a peripheral zone
contain deposits of feldspar, mica, beryl, and other rare-
element minerals. Emplacement age of 1,715+3 Ma for the
main granite based on concordant U-Pb date for monazite
(Redden and others, 1990), but the emplacement of some
pegmatite bodies may have continued for ~10 million years

Early Proterozoic rocks, undivided—Shown only in areas where
virtually no outcrop is present and below Phanerozoic rocks in
cross sections

Metamorphosed shale (Early Proterozoic)—Gray to black slate,
phuyllite, or schist. In part, garnetiferous at higher
metamorphic grade. Locally carbon-rich and contains sulfide
minerals. Includes Grizzly Formation (Dodge, 1942), part of
Swede Gulch Formation (Bayley, 1972c), and part of Oreville
Formation (Ratté and Wayland, 1969). Thickness poorly
known due to homogeneity and intense folding, but estimated
to be at least 2,000 m

Metagabbro (Early Proterozoic)—Dark-green amphibolite,
actinolite schist, or greenstone. Small bodies and margins of
larger bodies well foliated. Predominantly sill-like bodies.
Minor chemical differences in selected samples indicate at least
two distinct types of probable different ages. Types are not
lithologically distinct and are shown as a single unit where age
is uncertain. Thin dikes cutting unit Xgw, a few kilometers
northwest of Rockerville have rafted inclusions of metabasalt
and metachert apparently derived from units Xby and Xqc.
Minor bodies not shown

Younger metagabbro (Early Proterozoic)—Lithologically similar
to unit Xgb. Sills and dikes spatially distributed with or near
shale, tuff, and volcaniclastic rock (unit Xtv). Compositions of
selected bodies are alkalic gabbro. Emplaced about 1,900 Ma.
Differentiated sill intruding quartzite and pelite (unit Xqgs) in
Prairie Creek area (T. 1 N., R. 5 E.) has U-Pb zircon age of
1,883+5 Ma (Redden and others, 1990)

Metagraywacke (Early Proterozoic)—Greenish-gray to grayish-tan
siliceous schist. Minor chlorite, garnet, staurolite, or sillimanite
in pelitic interbeds at various metamorphic grades. Protoliths
are turbidite deposits having readily recognizable Bouma
sequences. Calc-silicate ellipsoidal structures develop from
carbonate-rich concretions near the garnet isograd. Local
discordances within units probably indicate penecontemporane-
ous slump, but a disconformity is inferred to exist in lower part
of unit. Subdivided into units Xgw,, Xgws,, and Xgws; where
possible. Subunits pinch out northwest of Pactola Lake.
Includes part of Oreville Formation in Hill City 7.5-minute
quadrangle (Ratté and Wayland, 1969). Thickness possibly as
much as 2,200 m

Metagraywacke unit 3 (Early Proterozoic)—Upper part of unit
Xgw. Gray to tan siliceous schist containing minor chlorite,
garnet, or staurolite in pelitic parts of Bouma sequences or in
thin shale subunits at various metamorphic grades. Protoliths
are turbidite deposits. Unit overlies mica schist (unit Xts) in
central part of map area but pinches out or is lensoid to the
northwest and west. Shown as unit Xgw where unit Xts
pinches out north of Pactola Lake. Maximum thickness is
about 700 m

Distal metagraywacke (Early Proterozoic)—Grayish-tan schist
and siliceous schist containing considerable garnet, staurolite,
and sillimanite. Calc-silicate lenses developed from former
concretions. Restricted to area southwest of Grand Junction
fault. Includes Mayo Formation and middle part of Bugtown
Formation (Redden, 1963). Correlation of Mayo Formation
uncertain due to faulting but may be equivalent to upper
graywacke (unit Xgws). Thickness of Mayo part of unit about
3,600 m

Metamorphosed carbonate-facies iron-formation (Early
Proterozoic)—Banded metachert containing ankerite and
siderite, and schist. Present at various stratigraphic levels
including both younger and older Early Proterozoic units.
Contains cummingtonite-grunerite and garnet at higher
metamorphic grade. Locally sulfide-rich and carbon-rich, such
as at Bluelead Mountain (T. 1 S., R. 6 E.). In areas where unit
is thick, includes considerable biotite-garnet schist and lenses of
massive metachert. Commonly associated with metabasalt,
volcaniclastic rocks, or conglomerate and quartzite (unit Xqc);
rarely as lenses in metagraywacke. Many thin lensoid bodies
between basaltic flows not shown on map A. In Lead area,
includes the Homestake Formation (Hosted and Wright, 1923),
which separates the Ellison and Poorman Formations (units
Xqg and Xbs,). In Rochford area, includes the Rochford and
Montana Mine Formations (Bayley, 1972¢) and unnamed
subunits. Locally transitional to thin-bedded chert and dark
phyllite or schist. Poor exposures are typical in areas of low
metamorphic grade, and unit mapped largely on metachert
float. Some units may contain iron-poor strata. Lensoid
distribution, composition, and associated rocks suggest
deposition by thermal springs. Laterally continuous units
apparently represent larger trough ponding of similar springs.
Thickness highly variable; average thickness about 25 m

Metamorphosed younger alkalic basalt, tuff, and volcaniclastic
rocks (Early Proterozoic)—Pillowed chloritic greenstone or
amphibolite, and layered amphibole schist and amphibole-
bearing or biotite-rich schist. Thin interflow deposits include
various dark-gray and black schists, typically containing some
sulfide minerals or carbon-rich strata, and lenses of massive
metachert and banded siderite-metachert or cummingtonite-
rich beds. In Lead area this unit is part of the Flag Rock Group
(Hosted and Wright, 1923) and in Rochford area it is
equivalent to the Rapid Creek Greenstone of the Flag Rock
Group (Bayley, 1972b). In Mount Rushmore quadrangle, unit
represents two apparent separate volcanic centers largely
within unit Xgc. Correlated with the Crow Formation west of
Custer (Redden, 1963), which has flows and agglomerate
having generally similar trace-element abundances and is locally
enriched in niobium and cesium, suggestive of alkalic
volcanism. In Rochford area, unit intertongues with tuffaceous
shale, tuff, and volcaniclastic rocks (unit Xtv) that have U-Pb
zircon age of 1,884+29 Ma (Redden and others, 1990).
Maximum thickness about 1,000 m

Metamorphosed quartzite, debris flow conglomerate, pelite,
and graywacke (Early Proterozoic)—Heterogeneous, gray to
tan quartzite, metaconglomerate, and phyllite or schist.
Garnet-, staurolite-, andalusite-, and sillimanite-bearing at
different metamorphic grades. Contains local lenses of unit Xif
and massive metachert (not shown everywhere). Matrix-
supported metaconglomerate clasts range from quartzite to
pelitic schist. Amphibole-schist clasts noted locally in Bitter
Creek area (T. 1 S., R. 6 E.) adjacent to exposures of unit Xby.
Easternmost exposures in Pactola Dam quadrangle include
clast-supported metaconglomerate apparently derived from
adjacent older units Xgs and Xfc. Locally contains thick,
lensoid, structureless quartzite beds. Unsorted, typically
paraconglomerate, locally containing giant boulders, has pelitic
matrix characteristic of debris flows. Unit decreases in
thickness to the northwest and southwest from north half of
Mount Rushmore 7.5-minute quadrangle. Quartzite and thin
metagabbro sills are widespread east of a north-south line
through Pactola Lake dam and extending south to middle of
the Harney Peak Granite. Metagraywacke interbeds are more
numerous west of this line, and unit not recognized north of
Silver City fault in Pactola Lake area. The lower contact is
unconformable in much of the Pactola Lake quadrangle and
possibly in part of the Mount Rushmore quadrangle. Elsewhere
the lower contact is apparently concordant with adjacent
graywacke and the contact is inferred to be a disconformity
separating younger from older packages of Early Proterozoic
rocks. Because of facies changes to deeper water turbidites to
the west and north, the disconformity may lie within or along
graywacke units that are lateral equivalents of unit Xqc. Unit
Xqc in Hill City area may be at a somewhat different
stratigraphic level than elsewhere. Thickness 30-700 m
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Metamorphosed tuffaceous shale, tuff, and volcaniclastic rocks
(Early Proterozoic)—Biotite or muscovite-biotite schist
containing local interbeds of amphibole-bearing schist. Unit is
agglomeratic near Rochford. Lenses of massive metachert and
banded metachert transitional to carbonate-facies iron-
formation (unit Xif) and associated carbon-rich and sulfur-rich
subunits. Distribution of unit is poorly known in Long Draw
area west of Rochford. Schistose, alkalic ash-fall tuff north of
Rochford has U-Pb zircon age of 1,884+29 Ma (Redden and
others, 1990). Includes most of Flag Rock Group (Hosted and
Wright, 1923) in Lead area where lower contact is believed to
be an unconformity. In Rochford area, includes the Irish Gulch
Slate, Nahant Schist of Flag Rock Group, and Poverty Gulch
Slate (Bayley, 1972c). Unit is approximate lateral equivalent of
tuff and shale (unit Xts). Maximum thickness in Rochford area
but poorly known due to refolding and enclosed lenses of unit
Xby. Maximum thickness probably about 1,200 m

Metamorphosed tuff and shale (Early Proterozoic)—Greenish-
gray to tan phyllite and muscovite-biotite schist. At higher
metamorphic grades, muscovite schist may contain andalusite,
sillimanite, garnet, staurolite, or cordierite. Manganese-rich
garnet coticle, magnetite octahedra, and traces of chalcopyrite
are distinctive components in Berne, Hill City, Silver City,
Medicine Mountain, and Deerfield 7.5-minute quadrangles.
Subunits rich in magnetite and ilmenite produce strong
magnetic anomalies. Included as part of Oreville Formation in
Hill City area by Ratté and Wayland (1969). Unit includes
increasing number of metagraywacke beds to the northeast and
loses distinctive identity a few kilometers north of Pactola Lake.
East of Mystic (T. 1 N., R. 3 E.), unit includes thin alkalic
metabasalt (unit Xby). West toward Rochford, unit is
equivalent to tuffaceous shale, tuff, and volcaniclastic rocks
(unit Xtv), in which tuff within the volcaniclastic rocks has a U-
Pb zircon age of 1,883+5 Ma (Redden and others, 1990).
Thickness as much as 700 m

Proximal metagraywacke (Early Proterozoic)—Light-tan, thick-
bedded quartzose schist southwest of Grand Junction fault.
Predominantly thick Bouma beds of turbidite deposits. Calc-
silicate lenses developed from former concretions. Includes
lower and upper part of Bugtown Formation (Redden, 1963).
Correlation of Bugtown Formation uncertain due to truncation
by Grand Junction fault. Total thickness about 2,200 m

Metagraywacke unit 2 (Early Proterozoic)—Middle part of unit
Xgw. Lithologically similar to unit Xgws. Pelitic parts may
contain sillimanite near Harney Peak Granite. Unit underlies
mica schist unit (unit Xts) in Pactola Lake area but is shown as
Xgw where Xts pinches out to the north. Overlies unit Xqc to
the southeast in the Rockerville-Keystone area, where unit may
be as much as 2,000 m thick and is largely proximal turbidites.
North of Hill City, unit apparently pinches out

Metamorphosed black shale (Early Proterozoic)—Thin-bedded,
dark phyllite, biotite schist, or garnet schist, depending on
metamorphic grade. Resembles unit Xbs; but contains thin
units of metagraywacke. Equivalent to part of Oreville
Formation (Ratté and Wayland, 1969). Interpreted to be
stratigraphically higher than unit Xbs; in central Black Hills but
pinches out north of Pactola Lake. Thickness as much as 700
m in Hill City 7.5-minute quadrangle

Metamorphosed shale and tuff (Early Proterozoic)—Mica
phyllite and schist containing minor garnet. Equivalent to
Northwestern Formation (Hosted and Wright, 1923) in Lead
area. Disappears to the south due to unconformably overlying
shale, tuff, and volcaniclastic rocks (unit Xtv). Thickness as
much as 500 m

Metagraywacke unit 1 (Early Proterozoic)—Lower part of unit
Xgw. Lithologically similar to unit Xgws but contains higher
metamorphic grade minerals such as sillimanite near the
Harney Peak Granite. In Hill City and Sheridan Lake areas,
unit is largely proximal turbidites having thick Bouma A units.
A disconformity is inferred within or at top of unit. Maximum
thickness probably about 1,500 m, but unit pinches out or is
removed by erosion to the west

Older metagabbro (Early Proterozoic)—Lithologically similar to
unit Xgb. Sills and dikes in and peripheral to Nemo area.
Thin dikes along faults cutting Boxelder Creek Formation (unit
Xbc) are extensively altered. Unaltered sill on north side of
Bogus Jim Creek (east edge of T. 3 N., R. 5 E.) has U-Pb
zircon age of 1,964+15 Ma (Redden and others, 1990).
General chemical composition similar to that of tholeiitic
basaltic rocks (unit Xbo), which are inferred to be comagmatic

Metamorphosed quartzite, pelite, and graywacke (Early
Proterozoic)—Gray to tan quartzite, phyllite, and quartzose
schist. Includes Ellison Formation (Hosted and Wright, 1923)
in Lead area and Moonshine Gulch Quartzite (Bayley, 1972c)
in Rochford area. Large area west of Nahant is mainly
metagraywacke that contains subgraywacke or quartzite in
upper part. Tuffaceous bed in Ellison Formation at Lead has a
U-Pb zircon age of 1,974+8 Ma (Redden and others, 1990).
Shallow-water shelf sandstone and thin carbonate beds in Lead
area change laterally toward the Nahant area to deeper water,
coarser clastic beds. Thickness uncertain due to extreme
deformation in Lead area but probably ranges from about 200
m to more than 1,000 m in Nahant area

Metamorphosed quartzite and pelite (Early Proterozoic)—
Interbedded quartzite, grayish-tan schist, and phyllite. Massive,
thick-bedded quartzite subunits as much as 70 m thick underlie
major ridges north of Rockerville and are interbedded with thin-
bedded phyllite. Sizable areas of predominantly phyllite are
probable in larger fold noses. Thick, ripple-structured quartzite
indicates shelf depositional environment. Northern part
equivalent to most of Buck Mountain Quartzite (Bayley,
1972b). Correlated with higher metamorphic grade quartzite
and sillimanite schist east and southeast of Custer. Unit
decreases in thickness to the north and may pinch out near
Crystal Mountain. Thickness as much as 1,200 m in eastern
and northeastern parts of map area

Metamorphosed quartzite (Early Proterozoic)—Tan quartzite and
quartzose schist lacking interbedded phyllite or graywacke.
Exposed south and east of Custer. Correlation with other Early
Proterozoic units in Black Hills poorly known. Thickness may
be in thousands of meters

Metamorphosed impure mafic tuff (Early Proterozoic)—Green
to tan, thin-bedded, fine-grained, chlorite-biotite phyllite and
schist. Equivalent to Gingrass Draw Slate (Bayley, 1972b).
Near Rapid Creek, unit is less chloritic and contains quartzite
and silt beds, thus making it difficult to distinguish from the
younger quartzite and pelite (unit Xqgs). Locally intruded by
abundant metagabbro sills, which exaggerate outcrop width.
Thickness about 200 m

Metamorphosed shale, siltstone, carbonate-facies iron-
formation, and chert (Early Proterozoic)—Grayish-tan schist
and phyllite, banded recrystallized chert and iron-rich carbonate
units, and lenses of massive iron-stained metachert near
Benchmark where unit may be a facies variation of unit Xmt.
In Bear Mountain area, unit consists of biotite-garnet
(+ staurolite) schist, banded cummingtonite iron-formation, and
associated iron-stained, massive metachert lenses of upper
Vanderlehr Formation (Ratté, 1986). Bedded sulfide minerals
associated with massive metachert. Associated biotite-feldspar
schist derived from tuffaceous beds. A thin basalt (unit Xbo)
unit separates the unit at Bear Mountain into two parts whose
combined thickness is about 400 m

Metamorphosed ferruginous chert (Early Proterozoic)—Banded,
reddish- to yellowish-brown ferruginous metachert. Massive,
color-banded metachert outcrops characterize the upper part,
and more ferruginous and more easily weathered outcrops
characterize the lower part in exposures along the tholeiitic
basalt (unit Xbo) west of Nemo area. Locally, there may be
thin flows above the unit and farther west the unit may be
equivalent to some thin interflow unit within unit Xbo. Locally
indistinguishable from carbonate-facies iron-formation (unit
Xif). Possibly correlative with Homestake Formation at Lead.
Thickness 15-75 m

Metamorphosed black shale (Early Proterozoic)—Dark, thin-
bedded slate, phyllite, or schist, and local thin beds of
metachert. Generally biotite-rich and contains thin garnet-rich
beds at higher metamorphic grade. Carbon-rich and sulfide-
rich locally. Equivalent to Reausaw Slate (Bayley, 1972b) and
upper part of Poorman Formation in Lead area. Interfingers
with individual metabasalt flows (unit Xbo) north-northwest of
Pactola Lake. Thickness estimated to range from about 30 m
to possibly 1,000 m

Metamorphosed older basaltic rocks (Early Proterozoic)—
Greenschist- to amphibolite-facies pillowed tholeiitic basalt
flows equivalent to the Hay Creek Greenstone (Bayley, 1972c¢).
Interflows contain gray and black schist or phyllite and lensoid
carbonate-facies iron-formation, all commonly carbon-rich or
sulfide-rich. Unit repeated by folds west of Nemo area but
farther to the west individual flows end in laterally equivalent
black shale (unit Xbs4) north of Pactola Lake. Small flows
repeated near top of unit Xbs; south of Pactola Lake.
Correlated with chemically similar basalt in Lead area in lower
part of Poorman Formation (Hosted and Wright, 1923). Tuff
in overlying Ellison Formation at Lead has U-Pb zircon age of
1,974+48 Ma (Redden and others, 1990). Metagabbro sill
(Xgbo) along Bogus Jim Creek has U-Pb zircon age of
1,964+15 Ma (Redden and others, 1990) and is inferred to be
comagmatic with unit Xbo. Present at two different levels in
Bear Mountain dome. Inliers in Harney Peak Granite (unit Xh)
are clinopyroxene-bearing amphibole schist. Maximum
thickness about 700 m

Metamorphosed dolomite and silty pelite (Early Proterozoic)—
Light-tan, locally schistose, generally impure dolomite and
minor graphitic phyllite units in Nemo area where unit is part
of the Roberts Draw Formation (Redden, 1980). At Bear
Mountain, it includes a relatively thin unit of tremolite marble,
phlogopitic schist, and thicker biotite garnet (+) staurolite schist
and graphitic schist of the middle part of the Vanderlehr
Formation (Ratté, 1986). Amphibole schist (unit Xbo) overlies
the section. Includes coarse-grained marble and skarn in
screens within Harney Peak Granite (unit Xh). Original
thickness ~300 m

Metamorphosed dolomite (Early Proterozoic)—Siliceous, fine-
grained, gray to yellowish-tan dolomitic marble. Shown in
Nemo area, where it is part of Roberts Draw Formation
(Redden, 1980), and in Harney Peak area, where it is a coarse-
grained marble and skarn. Widest exposures in fold noses
contain minor conglomerate beds similar to those of underlying
Estes Formation (unit Xec). Thickness about 50 m

Metamorphosed conglomerate and quartzite (Early
Proterozoic)—Includes the Estes Formation in Nemo area,
which is subdivided into the following units

Quartzite (Early Proterozoic)—Predominantly thick bedded
quartzite and minor meta-arkose, both grading distally to
quartzose phyllite. Near Nemo, units Xeq and Xec intertongue
in three fans. Combined thickness of units Xec and Xeq in the
well-exposed middle fan ranges from about 500 m to 3,300 m.
In Bear Mountain area, unit Xeq is arkosic quartzite that
contains a local, very thin basal metaconglomerate equivalent
to arkosic part of the Vanderlehr Formation (Ratté, 1986).
Thickness near Bear Mountain about 100 m. In Harney Peak
area, unit Xeq includes quartzite and gneissic
metaconglomerate inliers within Harney Peak Granite (unit Xh)

Metamorphosed conglomerate and quartzite (Early
Proterozoic)—Composed of pebble to massive boulder
metaconglomerate, minor quartzite, and thin (20 m thick)
doloarenite, which grades proximally into doloconglomerate.
Deposited in three separate fans along growth faults. Clasts
virtually all derived from underlying quartzite (unit Xbc) and
oxide-facies banded iron-formation (unit Xbi). Two olistoliths,
one quartzite (unit Xbc), and another oxide-facies iron-
formation unit (Xif) shown in middle fan. In Nemo area, unit is
equivalent to Estes Formation as mapped by Redden (1980)

Blue Draw Metagabbro (Early Proterozoic)—Greenish
serpentinite, hornblendite, metagabbro, and minor quartz-biotite
granophyre. Major unit is an overturned, 1,000-m-thick, gravity-
differentiated sill intruding sandstone (unit Xbc) of the Boxelder
Creek Formation in Nemo area (Redden, 1980). Original U-Pb
zircon age of 2,170+110 Ma (Redden and others, 1990)
redetermined as 2,480+6 Ma (Dahl and others, 2006)

Benchmark Iron-formation (Early Proterozoic)—Metamorphosed
oxide-facies banded iron-formation. Thin, recrystallized chert
beds and lenses and silvery-gray specular hematite beds.
Preserved as synclinal noses along unconformity below quartzite
(unit Xeq) and conglomerate and quartzite (unit Xec, Estes
Formation) in Nemo area. Maximum thickness about 70 m

Boxelder Creek Formation (Early Proterozoic)—Metamorphosed
sandstone, conglomerate, and siltstone. Subdivided in Nemo
area (Redden, 1980) into the following units

Quartzite—Thick-bedded, locally schistose, tan to gray quartzite.
Cross bedding and sparse pebbles indicate mainly fluvial origin.
Maximum thickness at least 3,050 m

Metagrit and iron-stained metaconglomerate—Intertongues
with or underlies unit Xbc. Local quartzite beds and an upper,
thin phyllite unit. Contains pebbles of metachert, quartzite,
and vein quartz. Conglomerate and grit moderately radioactive
and enriched in pyrite and gold. Diagnostic accessory chromite
and fuchsite. Mapped informally as “Tomahawk Tongue” of
Boxelder Creek Formation (Redden, 1980). Fluvial origin.
Thickness as much as 150 m

Chloritic biotite phyllite—Contains a few thin dolomite and
pebble beds. Distal (northeast) equivalent of unit Xbcq and
part of informal “Greenwood Tongue” of Boxelder Creek
Formation (Redden, 1980). Units Xbcs and Xbcq are fan
deposits believed to have been deposited unconformably on
Archean basement

Impure chlorite quartzite and metaconglomerate—Generally
underlies unit Xbcg. Clasts are oxide-facies banded iron-
formation, chert, and quartzite. Conglomerate beds pinch out
to the northeast. Magnetite a common accessory. Part of
“Greenwood Tongue” of Boxelder Creek Formation (Redden,
1980). Lower contact concealed by Phanerozoic rocks.
Locally at least 1,000 m thick

Granite (Late Archean)—Includes the Little Elk Granite (T. 3 N.,
R. 5 E.) and pegmatitic granite and trondhjemite at Bear
Mountain ( T. 2 S., R. 3 E.). Little Elk Granite is a coarse-
grained, pinkish microcline augen granite that locally contains
blue quartz. The I-type biotite granite is metaluminous to
slightly peraluminous and has U-Pb zircon age of 2,549+11
Ma (Gosselin and others, 1988). The medium-grained granite
and trondhjemite at Bear Mountain are typically leucocratic,
muscovite-bearing, and peraluminous. Pegmatitic phases are
clearly deformed. U-Pb zircon upper intercept age of
2,392+230 Ma (Gosselin and others, 1988) is considered a
minimum age for the granite

Late Archean rocks, undivided—Shown in cross sections and in the
largely concealed area adjacent to unit Wif along Little Elk Creek
and in Nemo area. Samples of float from unit are chloritic and
arkosic schist. Unit is in fault contact with unit Wos

Iron-formation (Late Archean?)—Grayish-black, massive, banded
iron-formation containing interbedded hematite and sugary
quartz layers. Protolith includes oxide-facies banded iron-
formation and ferruginous shale. Informally named the “Nemo
iron-formation” (Redden, 1980) to distinguish it from the
Benchmark Iron-formation of Bayley (1972b). Thickness
about 20 m. Where shown at greater widths, unit includes one
or more banded iron-formation beds separated and enclosed by
thin-bedded chloritic schist typically containing recrystallized
chert laminae and disseminated magnetite. Inferred Archean
age is based on this iron-formation’s being the probable source
for oxide-facies iron-formation clasts in oldest Early Proterozoic
rocks of Boxelder Creek Formation. Unit produces a strong
magnetic high traceable below the Phanerozoic cover

Older metasedimentary rocks (Late Archean)—Quartz-biotite-
plagioclase schist (+ garnet, staurolite, and kyanite) at Bear
Mountain. Protolith probably derived from siltstone and
graywacke. Quartz-feldspar-biotite gneiss and schist (locally
metaconglomeratic) and minor bedded, amphibole-bearing
rocks contact the Little Elk Granite north-northeast of Nemo.
Protoliths predominantly arkosic sandstone. Thickness about
600 m

Any use of trade names is for descriptive purposes only
and does not imply endorsement by the U.S. Government
For sale by U.S. Geological Survey Information Services
Box 25286, Federal Center, Denver, CO 80225
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Arcinfo coverages and a PDF for this map are available at
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